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Abstract 
      Generally the NRTL activity coefficient model has shown great capabilities in predicting liquid-liquid or liquid-
vapour phase equilibria. However its major drawback is the non availability of the required molecular interaction 
parameters for a huge number of chemical systems. Therefore in the present work, a group contribution approach is 
introduced into the initial NRTL to give the GC-NRTL (Group Contribution NRTL) model. It is simply based on 
calculating group interaction parameters according to the NRTL equation, by minimizing an objective function made 
of the sum of the squared differences between the calculated values and the experimental ones reported in the 
literature. The minimization method is based on the Genetic algorithm which has proven to be very performing in 
reaching the optimum. As an illustration, the GCNRTL model was tested for 8 binary liquid- liquid systems mainly 
involving current functional groups like CH, CH2, CH3, OH, COOH, ACH, ACOH, ACCH3, NO, etc. The 
agreement between the predicted results by means of the GC-NRTL and the experimental phase equilibrium data is 
encouraging and the interaction parameters table should be completed to include a greater number of functional 
groups 
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1. Introduction 
 A great number of chemical engineering applications involve separation processes such as distillation, 
absorption, liquid-liquid extraction, etc. For the design of the necessary equipment to carry out these 
operations, it is important to have experimental equilibrium data which is not always available and 
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difficult to measure. Therefore predictive models can be very useful and are necessary for the 
computation of relevant key thermodynamic properties, particularly the activity coefficient. 
In the literature a great number of activity coefficient models are reported and they all rely on different 
expressions for the excess Gibbs free energy. One can cite NRTL [1], UNIQUAC [2] and UNIFAC [3] 
models which involve either molecular or group interaction parameters. However molecular interaction 
parameters are not always available contrarily to group interaction parameters which are widely reported 
in the literature. 
A great number of chemical engineering applications involve separation processes such as distillation, 
absorption, liquid-liquid extraction, etc. For the design of the necessary equipment to carry out these 
operations, it is important to have experimental equilibrium data which is not always available and 
difficult to measure. Therefore predictive models can be very useful and are necessary for the 
computation of relevant key thermodynamic properties, particularly the activity coefficient. 
In the literature a great number of activity coefficient models are reported and they all rely on different 
expressions for the excess Gibbs free energy. One can cite NRTL [1], UNIQUAC [2] and UNIFAC [3] 
models which involve either molecular or group interaction parameters. However molecular interaction 
parameters are not always available contrarily to group interaction parameters which are widely reported 
in the literature. 
1.1. The group contribution concept 
The attractiveness of a group contribution method for the calculation of fluid phase equilibria 
key parameters is mainly due its ability to predict mixture properties for which no experimental data exist. 
The group contribution concept is based on the assumption that a chemical compound mixture can be 
treated, accurately enough as a mixture of functional groups making up these compounds. 
The group contribution approach offers an advantage over molecular models since instead of parameters 
characterizing the binary interactions between chemical compounds, a smaller number of parameters 
characterizing the binary interactions between functional groups is used. The number of functional groups 
is much reduced than the chemical compounds. Thousands of liquid mixtures can be formed from just a 
few functional groups. The group contribution methods are fundamentally assumed to be additive in 
nature, assuming that a contribution made by one group in a molecule is independent on that made by any 
other group in that molecule. 
Consequently, in the present work the group contribution concept is introduced into the NRTL model 
by estimating binary interaction parameters of functional groups from experimental equilibrium data and 
hence molecular activity coefficients according to the NRTL equation. A similar approach was adopted 
when the UNIFAC (a group contribution model) was developed from UNIQUAC (a molecular model). 
2. Theoretical  aspects 
2.1. The NRTL equation 
The NRTL (Non Random Two Liquid) model equation was described in detail for the first time by 
Renon and Prausnitz [1] who showed its application to a wide variety of mixtures for the calculation of 
the vapor-liquid and liquid -liquid equilibria. The model is based on the molecular local composition 
concept which is expressed as follows: 
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For the binary pair ij,
 ji
x  is the local mole fraction of the central molecule i surrounded by molecules j,
 
jiW  and ijW  are adjustable parameters, and jiD (= ijD ) is third parameter that can be fixed or adjusted. 
Excess free energy for the liquid system is expressed wherein only binary molecular interactions are 
considered leading to the following expression for the excess free energy: 
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The expression for the activity coefficients is given by: 
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  jiA and ijA  are  the interaction parameters between each pairs of molecule  in the Kelvin unit. The 
parameter ijD  characterizes the tendency of species j and species i to be distributed in a nonrandom 
manner. 
2.2 The GC- NRTL equation  
The proposed new NRTL model version consists in treating the solution as a mixture of functional groups 
rather than molecules. For example, for a binary solution of ethanol and n-hexane, the involved 
contributing group 1 CH3 and 1 CH2OH from ethanol and 2 CH3 plus four CH2 from n-hexane. The group 
activity coefficients are calculated from the basic NRTL equation and the molecular activity coefficients 
are calculated additively as follows: 
¦ 
m
i
mi JJ                                                                                                                       (4) 
Where imJ and is the activity coefficient for group m in the molecule i and the summation is over all 
groups present in the molecule i. it is calculated as follows: 
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, exp jmjmjmG WD where mjW  and jmW  are interaction parameters between group m and j and are 
expressed as follows: 
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Where any mjg , jmg , jjg  and mmg  denotes an interaction energy between the corresponding pair of 
groups and mjA  and jmA  are the group interaction parameters expressed in Kelvin between pair of 
groups m and j. Generally it is noted that mjA  jmA . 
3. Parameter estimation procedure  
The binary interaction parameters are obtained by minimizing the most common objective function is 
the sum of the squared of the error between the experimental and calculated mole fractions of all the 
components over the entire set of tie lines and can be expressed as follows: 
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where j,  p and i denote system, phase and component, respectively.   
The objective function is non-linear and non convex in terms of optimization variables and may have 
several local minima, maxima or saddle points within the considered variable ranges. Therefore, it is 
necessary to apply a robust technique that leads to the global optimum vector. Several techniques are 
reported in literature, like simulated annealing (SA), Hybrid simulated such as annealing Simplex 
simulated annealing (SSA), the modified Simplex simulated annealing (DSSA) [4], and an evolutionary 
algorithm like the genetic algorithm [5, 6, 7] which is adopted in the present work and briefly described in 
the following section. 
3.1. The Genetic Algorithm 
A genetic algorithm (GA) is an optimization search based on evolution principles and natural genetics. Its 
basic idea is to place the parameters of the real problem to be optimized within what is referred to as a 
chromosome which consists of genes. A general GA creates an initial generation (a population or a 
discrete set of decision variables), G(t=0), and for each generation, G(t), it generates a new one, G(t+1). 
The general genetic algorithm is described in the following Figure 1: 
 
 
 
 
 
Figure 1: Flow diagram of the general genetic algorithm. 
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The initial population G(0) can be chosen heuristically or randomly. The populations of the generation 
G(t+1) are chosen from G(t) by a randomized selection procedure which is composed of the following 
operators: 
a. Selection
Many selection methods are available, such as tournament selection, roulette wheel selection, etc. These 
methods use the fitness value of each chromosome to decide whether it will survive or not in the next 
generation. 
b. Crossover 
The crossover operator, randomly, exchanges parts of genes of two parent solution strings of generation 
G(t) to generate two child solution strings of generation G(t+1). The main purpose of the crossover 
operator is to search the parameter space. 
c. Mutation 
A GA randomly selects a gene of the chromosome or solution string and then changes its value within its 
permissible range with a small probability. Mutations encourage a population that is converging onto 
some optimum to jump into a different part of the solution space, thus increasing the probability of 
detecting a different point leading to the global optimum solution. 
After selection, crossover, and mutation are applied to the whole population, one generation of a GA is 
completed. These three operators are simple and straightforward. 
d. Termination criterion 
There are several termination criterion of genetic algorithm. The process will end: 
x When a specified number of generation have evolved according to the maximum generation. 
x If there is no change in fitness of the population for a specified number of generation. 
• When a previously defined solution or fitness has been reached. 
4. Results and discussion 
The application of the GC- NRTL was tested on liquid-liquid equilibrium experimental data 
concerning different systems as shown in the following tables. 
4.1. Group interaction parameters 
The GC- NRTL binary group interaction parameters obtained from the optimization of the objective 
function shown in Equation 7 by means of GA, after the injection of the corresponding experimental 
data, are presented in the following table 1: 
Table 1: Binary group interaction parameters 
 -CH3 -CH2 -CH -COH -CNH2 CŁN NO2 -OH H2O 
-CH3 0.00 969.084 / / / 1610.22 1353.85 4361.75 361.05 
-CH2 -2891.09 0.00 1066.5 / / 3037.42 2468.89 2210.88 420.37 
-CH / 2545.03 0.00 517.26 1049.00 / / / 1225.23 
-COH / / 595.33 0.00 / / / / -62.19 
-CNH2 / / 226.72 / 0.00 / / / 4839.95 
CŁN 3900.02 1085.07 / / / 0.00 / / / 
NO2 1400.03 1201.62 / / / / 0.00 / / 
-OH 3388.39 654.09 / / / / / 0.00 / 
H2O 2545.69 3869.48 5354.08 4026.11 3203.26 / / / 0.00 
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The calculated interaction parameters are used to calculate group and molecular activity coefficients 
according to the GC-NRTL and the obtained values presented in Tables 3 and 4, respectively.
 
 
Table 2: Molecular activity coefficients 
 Pentane (1) H2O (2) 
Heptane (1) 
H2O (2) 
Phenol (1) 
H2O (2) 
Toluene (1) 
H2O (2) 
Aniline (1) 
H2O (2) 
Ethanol (1)-Hexadecane (2) 
I
1J  3421443.23 3467866.17 79.49 3419011.36 3359402.82 160.83 
I
2J  
1.00 1.00 1.001 1.00 1.002 0.064 
II
1J  0.226 0.0325 8.32 32.21 15.72 7.43 
II
2J  3182.1 47470.14 1.433 10500002 4.7 3.75 
 
 
 
 Hexadecane(1) Acid acetic Nitril (2) 
Hexadecane(1) Methane 
Nitro (2) 
I
1J  80.27 33.85 
I
2J  
0.0485 0.3614 
II
1J  6.19 4.89 
II
2J  3.24 1.846 
 
 
 
At this stage it is important to note that without the group interaction parameters, the NRTL model 
could not be used because the required molecular interaction parameters are not readily available. 
Hence the introduction of the group contribution concept has provided a solution to estimate the 
necessary activity coefficients for any phase equilibrium calculations. However the assessment of 
the quality and reliability of the calculated group interaction parameters is carried out through the 
use of these activity coefficients to calculate equilibrium phase compositions, as shown follows. 
4.2. Component equilibrium distributions 
The equilibrium distributions of the mixture components in each phase were estimated using 
the molecular activity coefficients given in Table 2 and the obtained results by means of the GC-
NRTL are shown in Table 3. They compare reasonably well with the experimental values reported 
in the literature (Sørensen et al 1979). This is an encouraging factor to consider further systems and 
include much more other groups to fill in the group interaction parameters matrix. 
Table 3: Equilibrium component distributions 
  Experimental Calculated 
System 
Component phase I phase II phase I phase II 
Xexp Xexp Xcalc Xcalc 
 1 0.0000 0.9995 0.0000 0.9999 
Pentane (1) – H2O (2) 2 0.9999 0.0004 0.9999 0.0000 
 1 0.0000 0.9992 0.000 0.9999 
Heptane (1) – H2O (2) 2 0.9999 0.0007 0.9999 0.0000 
 1 0.0164 0.3200 0.0340 0.3251 
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Phenol (1)- H2O (2) 2 0.9836 0.6800 0.9659 0.6748 
 1 0.0001 0.9973 0.0000 0.9999 
Toluene (1)- H2O (2) 2 0.9998 0.0023 0.9999 0.0000 
 1 0.0067 0.7820 0.0000 0.7867 
Aniline (1)- H2O (2) 2 0.9932 0.2180 0.9999 0.2132 
Ethanol (1)-Hexadecane 1 0.0466 0.9997 0.0454 0.9836 
(2) 2 0.9534 0.0003 0.9545 0.0163 
Hexadecane (1)- Acetic 1 0.0775 0.9995 0.0761 0.9861 
acid Nitril (2) 2 0.9225 0.0005 0.9238 0.0138 
Hexadecane (1)- 1 0.1244 0.8285 0.1195 0.8276 
Methane Nitro (2) 2 0.8756 0.1715 0.8804 0.1723  
5. Concluding remarks  
The proposed group contribution based version of the NRTL model lead to interesting results. However 
further refinements are necessary to improve the accuracy of the results by distinguishing more and 
more groups. However the number of groups should remain small, but should not neglect significant 
effects of molecular structure on the mixture properties. Also the genetic algorithm provides an efficient 
and robust tool for the optimization of the objective function which is not simple. 
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